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- SUMMARY ,

Tests were made in the Langley 7~ by lO-foot tunnel on a ..
model of a fighter-type airplaene with external stores. This paper
is concerned mainly with presenting the data obtained in ‘this
investigation and with a comparison of some of these data with
flight~test results toc determine the feasibility of estimating
flight. buffet Mach num‘ber from tunnel data.

The results of this investigation indicate that the incremental
drag coefficlent due to external sitores may be used to estimate the
meximum Mach number thet the airplane may reach in flight when
1t 1s equipped with external stores. This estimation is conservative
for the five configurations investigated by amounts varying from O
to 10 percent of the flight limit Mach number. The free-strean
tunnel Mach nuriber corresponding to sonic flow over the lower surface
. of the wing in the reglon of the store is a good indication of the
lower limit of buffet in flight of the alrplane when equipped with
externgl stores. The fluctuations of total pressure over the
horizontal tail are not sufficiently large (maximum of 1 percent qg)

to cauge buffeting of the airplane.

INTRODUCTION

It has become standard practice on milltary airplanes to
attach additional srmament and fuel tanks externally to the aircraft
to Increaso its utility and to facilitate maintenance. When eirplanes
equipped with external stores reach relatively high flight speeds =
Phenomenon ls encountered that impairs the efflciency of the alrplane
as a gun platform and restricts iis meximum speed. This phenomenon,

RESTRICTED
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called buffeting, has been characterized. as a progreasively increasing
vibration of the alrplame with increase in flight speed.

The effect of extermal stores on the aerodynamic characteristics
of airplenes is being investigated by the Natlional Advisory Commlttee
for Aeronsutics. The firast part of this program was the deter-
mination of the low=-speed aerodynamic effects of external stores on
the stability of models of military eirplanes (reference 1l). A
theoretical approach to the problem was also published end is presented
ag reference 2. Flight tests were conducted on an airplane equipped
. with external stores. The flight results are confined to the Mach
number at which buffeting of the airplane becomes objJectionsble in
the opinion of the pilot and are summarized in table T.

The present investigation was conducted in the Langley high-
gpeed T=- by lO0-foot wind-turmel to determine the feaalbility of
uging wind-tunnel data -as a means of predicting flight buffet Mach
number. No attempt is made in this report to present a detalled
analysis of the phenomenon of duffeting. This paper is confined to
a presentation of the data obtalined by thie investigation and a
comparison of wind-tunnel and flight-test results.

COEFFICIENTS AND SYMBOLS

The coefficients and symbols referred to in thils report are
defined as follows:

ACp  chenge in drag coefficient due to external store, positive

Doxt = Polean

asS

vhen store incresses the drag

Lext = Lolean
qs

ACy, change in 1ift coefficilent due to extermal atore, positive
vhen store increaszes the lift >

ACy, change in pitching-moment coefficient due to external store,
ogltive when store increases the pitching moment

Mext ~ Mclea.n

Q5Se

Cc refers to Mech nunber or coefficient
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drag, pounds ol - .-
1ifs, pound.s

pitching moment, foot—pounds

pressure coefficient (p ";Po) :
Mach number C-;-’-)
dynenmic pressure, pounds per square fooi, (%—pvoe)

static presaure, pounds Per squere foot

win_g. area (9.85 sq £t on modeij ”

"mean aerodynamic chord (l.hs £t on mod.el)

chord of ving

. velocity of alr, feet per second

l velocity of sound, feet per second

engle of attaeck of the thrust line

B= dl—M

€

blockage correction et high speeds

Subscripte:

o]

cx

°p

COT.

denotes fres—stream conditions'

critical Mo &t which compresslon shock 1g formed as mani—
fested by pressure~distribution data

when used with M - denotes M, .for AED divergence ]

corrected Mach number or coefficient of Porce or moman‘h
measured Mach number or coefficlent of force or moment

Mach numbers end pressures wi'bhou'b subscriptes denote local
conditions
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MOIEL, AND APPARATUS

The Langley high-speed 7= by 10~foot tunnel in which thia
investigation was conducted has.a closed throst, rectangular cross
section, and is of the single return type. The degree of turbulence
in the alr stresm is very low. The model used in this Investligation
was & small scale model of a-fighter-type alrplane on which extensive
external store tests have been made. The model consisted of a
fuselage and a wing of MNACA 23018 section at the fuselage center:
line and an NACA 23009 section at the tip. A three-view drawing
of the model showing the msthod of mounting in the tunnel end a
typical store installation is shown in figure 1. Photographs of
the model mounted in the tunnel are shown in Figures 2(a) and 2(b).
The locations of the static-pressure orifices on the lower surface
of the wing are given in figure 3. The models of external stores
uged in this investigation were a Lockheed drop tank and a Navy |
Universel drop tenk, Irawings of these stores showing pertinent
geometric characteristics and astatic-pressure orifice locations are
presented in figure h. These stores were attached to the model by
small scale duplications of full-scale pylon fairings. Models of
these pylon fairings with the locations of pressure orifices are
shown in figures 5 and 6. The varipus conmbinations of -tanks and
Pylons tested are given in columms 1 through I of table I.

The duct configuration of the model and inlet velocity ratio
corresponded approximately to that required for high-speed flight
condition of the alrplane. T

Static-pressure measurements were photographically recorded on
a 56-tube direct-reading manometen.

The survey of the fluctuations in the total pressure in the
weke wes made with a standard pitot-static tube, the static- and
total-pressure chambers of which werse, connected to either sids of
an electrically sensitive diaphragm. This instrument was mounted
_on a remotely controlled carrisge.located in the tunnel test section.
(sée fig. 2.) Fluctuations in tpfal pressure were recorded by move-
ment of a light beanm on a photographically sensitive drum of paper
rotating at a known epeed, thus making 1t possible to determine the
vericd and amplitude of the wske fluctuations.

TESTS

Procedure

Symmetrical store installations were tested in addition to
asymmetricel arrangements because of the mutual interference effects



NACA .RM No. LTE20 >

indicated by flight buffet Mach numbers. It wes originelly intended
to .obtain informetion on the agrodynamic characteristics of the
model in the presence of 1000<pound bombe symmetricelly and
asymmetrically disposed from the plane of symmetry in additlon to
the two types of fuel tanks tested. IDue to the time available for
this inveatigation it was necessaxy to eliminate this part of’

the progrem and also to measuve pressures on only o few of the
configurations on which force data was teken. Pregsure tubes were
connected for only two "basic" configurations, thet is, the Lockheed
tank on a Standard pylon and the Universsl tank on a Standard pylon.
By so doing, 1t was possible to obtain the necessary pressure :
messurements for various other store configurations without connecting
additionel preesure tubes by the simple expedient of adding elther

a store configuration similar to one of the basic configurations to’
the opposite wing or by inserting sn extension to the pylon fairinge.
Due to the expedltious nature of this method of obtaining pressure-
distribution data.it was. possible to obtain considerably more infor-
mation in the allotted. time than would have been possible if configu-
rations requiring additional pressure connections had been investis
gated. - . . . .

Statlic~pressure distributions for all configurstions tested were
taken at a constent angle of attack of -2.75° through a Mach number
renge extending from 0.3 to approximately 0.715. The results of
these tests are presented in figures T to 12. The angle of attack
was selected as that for whilch the mpdel 11Tt coefficlent was com~
parable to the high-speed 1ift coefficlent of the airplane. For
several configurations, addltionsl angles of attack were tested to
obtain an estimate of the general effect of angle of attack upon
the pressure-digtribution characteristlecs. The statlc-pressure
orifices in the pylons were located very close to the juncture of
pylon and wing (fig., 5) and approximstely in line with the static-

pressure orifices of station 5‘2;— on the lower surface of the wing.
The results of the chordwise distribution presented herein at

station 531—;- are composed of data obtalned over the lower surface of

the wing and over the pylon at the pylon wing Juncture. Unfor-
tunately, it was not possible to use some of the pylon orifices
Pbecause of the condition of the tubes. The peak minimum pressure
in such cases was based upon an estimated fairing of the data.
Pressure measurements for each Mach nunber were recorded simil-
tanecusly at a2l stations.

Force mpasurements were maede at constant angles of attack of
~3.5%, “2.75°, -1.5°, and 0.25° through a Mach number range similar
to that of the pressure-distridbution tests and are presented in
figures 13 and 1hk. Force measurements consisted of six component
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automatically recorded balenge readings. Results of these tests are
presented as increments of lift" drag, and pitching-moment coeffi-
cients. These incroments were obtained by a subtraction of the data
for the model without stores from the dats obtained with stores in
places Although all forces and moments were recorded, only those
which showed any appreciable difference {drag, lift, and pitching
moment) due to stores are presented.

Weke surveys were conducted in a plane located at the hinge
line of the horizontal tall and perpendicular to the plene of
symmetry. These tegis were made at a constant angle of attack
of ~2.75° through a Mach number range from 0.3 to approximately 0.650.,
The region surveyed extended from the plane of symmetry outboard
12 inches and from the center line of the tenk vertically upward 18 inches.

The results of these tests (presaure and force measurements
and waeke surveys) were compared with the results of flight tests
which consisted of the Mach nunber at which buffet wes first

encountered (column 5, teble I) and the Mach number et which buffet
became objectionsble (column 6, table I}.

Corrections
All Mach numbers and force and moment coefficlents were corrected
for blocking by the following eguation obtalned .from reference 3.
- - efD = 2
Coor = CmE‘ (2 - Mo ):I

where

€ = €30114 t Swake

Q.00
fsolid = —55222

0.0533 Cp
g2
An increment in drag coefficient of 0.0013 has been added to

account for the horizontal buoyancy resulting from tho longitudinal
pressure gradient in the tunnel.

Eyake
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| DISCUSSION

Pressure Distribution

Pressure distributions over the lower surface of the wing
obtained by pressure orifices located on the lower surface of
the wing and in the pylon at the wing-pylon juncture are shown
in figure Te As previously noted, pressure could not be trans-
mitted through certein tubes. Unfortunately the orifices for
these tubes were located in what appears to be a region of high
velocities. However, consideration of the characteristics of the
date evaileble indicate that the minimum pressures presented may
give a close approximstion to the exact minimum pressures.,

It has been established that when a local Mach mumber of one
is exceeded on a wing the boundary layer tends to separate, resulting
in wake vorticity. The precise local Mach number at which this
phenonmenon occurs depends to some extent upon inltlal boundary-layer
conditions, It is felt that buffet is first experienced in flight
when the turbulent weke associated with local supersonic velocities
over the lower surface of the wing passes over the tail surfaces of
the airplane. It follows that M, corresponding to local sonlc
flow over the lower surface of the wing might be used as a rough
egtimate of the flight Mach number at which buffet is first
encountered. Pressure~distribution data indicate that the local
velocity of sound is first abttained on the lower surface of the
wing at approximately 28 percent chord. The free-gtream Mach number
corresponding to this local sonic velocity as determined by cross
Plotting pesk minimum pressure against Mach number and critical
pressure esgainst test Mach number is tabulated in columm 7 of
table I+ The agreement between these deta and the flight Initiel
buffet Mach number (colwm 5) is better than might be expected in
light of the previous discussion end since the precise attltude
of the alrplane during the flight tests was unlknown. Recent work
(unpublished) has indicated that sideslip may have considerable
effect upon date of this nature. In addition flight results
Presented herein were based upon humsn reaction to the vibrations
of the alrplane when stores were added and as such should be
congidered as only a qualitative index to the onset of this
disturbance. In columm 6 is presented the flight buffet Mach
number at which buffeting of the alrplane becomes so severs that
the alrplane was rendsred useleas as a gun platform or was damaged
structurelly due to the vibration. Tebulated in column 8 is the
free-stream Mach number st which a well defined compresaion:shock
is formed on the lower surface of the wing as manifested by e -
breeking down in the varlation.of peak minimm pressure ageinst My
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It is obvious that this Mach number is, with the exception of one
conflguration, considersebly higher than either the initiel buffet
(column 5) or the limit buffet (colwm 6) Mach numbers. It appears,
therefore, that the formation of a compression shock mey not be
esaen'bial to the phenomenon of buffeting, but rather that the
turbulence associated with local sonic veloclities prior to the
development of a well defined compression shoek 1s sufficient In
itself to be prohibltive. . _ -

Pressure distributions over the tan.ks used in this investi-
gation are presented in figure 8. The velocities over the tanks
in all cases are lower then those over the lower wing surface ab
the same M,, and, therefore, the critical Mach number of the
tanks is higher than the critical Mach nunber of the lower surface
of the wing.

. A Variation in angle of attack of -3.5° to -1 .5° seems to
have small effect upon the results discussed previously. Increasing
the angle of attack zppears, however, to Increase slightly the
free-stream Mach number that corresponds to the attalmment of the
. looal speed of sound over the pylon. This may be attributed to the
decreases in the peak minimum pressures of the pylons that are. caused
by changes in local pressures over the lower surface of the winge.

Force Tests

The results of the force tests are presented as incremental
variations due to stores of drag, lift, and pltching-moment coef-
ficlents. Results are presented for each tank in com'bine,tion wlth
various pylons at model angles of attack of =3 .5 ’ -2.75 s "X .5°,
and 0.25°. These tests were.conducted in an attewmpt to recognize
ag discontinuities In the incrementsl force data lhose adverse
flow characteristics that were shown to exiat by pressure-distribution
methods. Due to the nature of the problem the variation of ACp

with free-stream Mach number was thought to be of fundamental -
interest. The free-stream Mach numbers for which rapid positive
increases in incremental drag coefficilent occurred are given in’
column 9, teble I, for each model conflguration at an angle of
attack of -2.75°« These Mach numbers were obtained from inspection
of the curves.of the variation of 4Cp - with Mach- number. The

Mach number for divergence of ACp agrees closely with the limit

flight buffet Mach rumber (column 6). The tunnel results were in
all instences either equal to.or lower than limit, £flight buffet
Mach number. . In view of the qualitative nature of the flight
results and the unknown effects of boundsry layer end sideslip,

it is considered significant that the incremental drag measurements
sgree within 10 percent with the five flight conflgurations on which
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data were evailable. It 1s important to remember, however, that an
underestimation of the flight limit buffet Mach number by 10 percent
may be of the .mame order of magnitude as the decreese in the critical
speed of the ‘alrplane ceused by the addition of stores. As might

be expected, increasing the angle of attaeck generelly seems io
increase slightly MCD'

It is apparent that the addition of stores to this model
generally resulted in a decrease in 1lift coefficient at constant
angle of attack at low Mach numbers. As Mach number is increased
the intrementel lift ceefficient meems fo increase positively in an
orderly maenner for the lower engles of- attack. However, for-angles
of attack of =1.50° and 0.25° the variation of ACy °with Mach number
does not follow any general pattern. The additlion of stores to the
model generally csused a positive incremental change in pitching-
moment coefficient which increased in msgnitude with an increase’
in Mach number for sangleas of attack of =3:5° and ~2.75°. When the
angle of attack was incressed to -1.5° the incremental pitching-

“moment coefficient remiined falrly constant to a Mach number of
approximately 0.675. Further increases in M, resulted in decrsases

in ACj. At en engle of attack of 0.25° the variation of AC, with
M, seemed to be rather erratic, although a small general decrease
was noted. . Co . . 2 s -1

Weke Suxvey

At the onset of this investigation.it was felt that if pulsating
weke characteristics exlsted in the plane of the horizontal tail
the concurrent changes in serodynamic characteristics of the hori-
zontal tail (primarily 1lift) would furnish ample cause for buffeting
of the airplane. Such results could Pe affected by either changes
in dynamlic pressure or angularity of the wake or a combination of
the twoe. It was, therefore, decided that a survey should be conducted
to establish grounds for such & hypothesis. e to the time limita-
tions of this investigstion, it was possible to obtaln a survey of
the fluctuations of only the total pressure whlch 1s analogous to
the fluctuations in dynamic pressure.

The resulis of the survey. of the fluctuations of totel pressure
in the weke are nof; presented herein because the magnituds of these
disturbances over the horizonital tall preclude their analysis as
related to buffeting. The maximum fluctuation of total pressure
as lndicated by this survey was of the order of 6 percent free-
stream dynamic pressure and was located on the center line of the
tenk. However, the amplitude of these fluctuatlons decreased
rapldly with increase in distance from the store center line so -that
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the .flow over the hordizontal tail was relatively unaffected (maximam
fluctuations 1 percentof q)« It is felt that more frultful results
pertaining to guantitative information on the comparative merits

of vaxrious store instellations may be obtained by surveying the
dynemic angularity characteristics of the wake.

CONCLUSIONS

Based on a comparison between high~speed wind-tunnel tests of
a model of a fighter-type airplane equipped with external stores and
- flight tests, it 1is possible to conclude that:

.. 1. The incrementel drag coefficient due to external stores nay
be used to estimate the maximum Msch number that the alrplane
mey reach in flight when it is squipped with external stores. The
data indicate that this estimation 1s conservative for the five
configurations investigated by amounts varying from O tc 10 percent
of the flight-limlt Mach number.

: 2. The free-stream tunnsl Mach number corresponding to sonle
flow over the lower surface of the wing in the region of the store
13 a good indication of the lower limlt of buffet in flight of-
the alrplene when equipped with extermal stores.

' 3. The fluctuations of total pressure over the horizontal tail
are not sufficliently large (meximum of 1 percent q,) to cause

buffeting of the alrplane.

- Lengley Memorial Aeronsutical Leboratory

National Advisory Committee for Asronautics
Langley Field, Va.
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Flight-test resiits | Wind-tumel results
Tenk Hounting Tylon | Extenslan | r e |1awit  |M = 1.0 r | Mg

buffet |buffet | (pylon) | (gylom)| P
Lockhsed Left wing Stepdard| None 0.51 0.56 0.545 | 0.640 | 0.585
Lockheed Left wing Stemderd| 6 inch . 60 .64 55
Lockheed Left wing M 51 None - 60
Lockheed | Left and right wing | Stendard! Nome 495 5% | 525
Lockheed | Left and right wing | Stendard| 6 inch .525

Lockheed | Left and right wing| ME 51 None (a)
Universal Left wing Stenderd| None .6 .6 580 | 585 | .65
Universal Left wing Standsrd| 6 inch -570 (v) 675
Tniversal Left wing K 51 None None ¢,70 675
Universal | Left and right wing | Standard| None .54 .58 535 60 | .55
Universal | Left and right wing | Standard| 6 inch 525
Universal | Left and right wing | MK 51 None (a)

B0 clearly defined
PIngufficient date. _
CRestricted dive speed. of clean airplane 410 knots &t 5,000.

RATYIONAL ADVISORY
COMMITTEE FOR AERGNAUTICS
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Model support
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Wing tip fairing
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) Typical tank
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6.1"(Normal | :
CG.,32 % c—;)\ DS
- 1.....“....: '-‘11_[‘___..;:—/
T —=>—128"
e 68.90" -

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 1.- Three-view drawing of a model of a fighter-type airplane.



NACA RM No. L7EZ20 13

(a) Front view.

Figure 2.- Photograph of a model of a fighter-type airplane mounted
in the high-speed 7= by 10-foot tunnel showing exiernal store
installation.
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(b) Rear view.

Figure 2.-

Concluded.
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Figure 3.- Location of wing pressure orifices on a model of a fighter-type airplane.
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Figure 4.- Location of pressure
Universal auxiliary fuel tanks
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pressure orifice locations in percent wing chord
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Figure 5.- Location of pressure orifices on a model of a Standard
pylon as tested on a model of a fighter~type airplane.
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Figure 6.~ Location of pressure orifices on a model of a Mark 51
pylon as tested on a model of a fighter-type airplane.
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Figure 7.

Lockheed tanks on left and right standard pylon.
Continued.
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Figure 7,-

(c) Universal tank on left standard pylon.
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Figure 7.- Concluded.
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Figure 8,- Continued.
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(d) Universal tenks on left and right standard pylons.
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Figure 8.- Continued.
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Continued

(@) q = 0.25°,

Figure 14.-
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(d) Concluded.

Figure 14.- Concluded.
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